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WEATHER FORECASTS AND SCIENTIFIC 
INVESTIGATION. 
MARK W. HARRINGTON, CHIEF OF THE WEATHER BUREAU. 


HAT the forecasts from the weather map are essentially 
empirical, will probably be denied by no one competent to 
judge. The status of the weather map to-night is the fore- 
runner of that of to-morrow night; but there is no known 
method of passing with certainty from one to the other before 
the event. That the culminations of air-pressure will pass east- 
ward and bring their weather conditions with them is, in a gen- 
eral way, correct; but it is not always correct, for the centre 
of pressure may stand still or may go north or south, or the 
weather accompanying it may intensify or weaken in the inter- 
val, or it may develop new features, or lose some that it now 
has, or it may be entirely dissipated. The only guide in the 
forecast is the previous experience of the forecaster with maps 
like the one he has before him, and an unconscious estimate 
based on long experience, — the same sort of estimate on which 
we base our action in business and social affairs; the same as 
the lawyer uses in forecasting his case and as the physician 
used to employ altogether, and yet employs to a considerable 
extent, in his prognosis. 

While this state of affairs is to be expected in forecasting all 
matters in which human spontaneity plays a part, it ought not 
to be the case in such a matter as forecasting the weather, 
where only physical laws come into play. 

That the elements involved are numerous and complicated, 
that many of them are probably not yet within our reach, and 
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that the results lie within the very difficult and complex science 
of hydrodynamics, or, more specifically, aerodynamics, is no suf- 
ficient excuse for not trying to obtain the complete solution. 
The results are probably no more complicated than those of 
geology. The chief difference is that the geologic condition 
becomes set in a solid form and so remains for leisurely exam- 
ination, while the atmospheric conditions are temporary, passing 
and constantly changing. The latter is rather an advantage 
than otherwise, for it constantly repeats similar combinations, 
making us familiar with the whole series, thus bringing out 
more strongly the forces that come into play; while in geology 
the results of different combinations of forces are widely sepa- 
rated, and their comparison is a slow and laborious matter. 

With these views, it was my desire, on becoming Chief of the 
Weather Bureau, to fashion the work, to a proper degree, on 
scientific models, with the certainty that the complicated prob- 
lems of meteorology would sooner or later yield to such 
treatment. 

The most promising directions of advance, always with the 
view of improving the forecasts, — the work especially entrustec 
to the Weather Bureau, — seemed to me to be the following : — 

1. The Development of the Dynamic Theory of Meteorology. — 
In this direction very promising advance is being made abroad 
at the hands of men of genius. The contribution of the Bureau 
in this direction has been indirect. Prof. Abbe has found time, 
amid other and multifarious duties, to translate some of the best 
of the papers on the subject, and these have been published 
under the title, “The Mechanics of the Earth’s Atmosphere” 
(Smithsonian Institution, new edition, 1893). 

2. Lhe Investigation of the Inter-Relations of Meteorological 
and Other Terrestrial Physical Forces. — The American available 
and best adapted for this work was found in the person of Prof. 
F. H. Bigelow. It seemed to me a field which should be 
explored to find whether or not there was in it really the hope 
for improved forecasts which had been expressed by some 
eminent students of terrestrial physics. The field has not been 
sufficiently explored yet to express a confident opinion, but the 
promise is much greater than I had anticipated. It is, in my 
estimation, so great as to fully justify the continuation of the 
work until thoroughly demonstrable results have been reached. 
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3. The Conditions of Condensation of Atmospheric Vapor of 
Water. — This seemed to me of the highest importance from a 
theoretical point of view; and the attempts at rain-making (for 
which the Bureau was in no way responsible) showed a general 
popular and practical interest in the matter. To these prob- 
lems it was my desire to apply legitimate and properly controlled 
labo:atory methods, and I was so fortunate as to secure the 
services of Dr. Carl Barus in the work. His results have been 
numerous, often novel, and always of the highest interest, and 
we were beginning to learn that the problems of water conden- 
sation were more far-reaching than any one had anticipated, 
when the exigencies of the public service suddenly required 
that the work be brought toaclose. It is my confident belief 
that if the work could have been continued for a year longer we 
would have had much material for a consistent dynamic theory 
of the formation of such extraordinary phenomena as cloud- 
bursts and tornadoes 

4. The Thorough and Systematic Investigation of the Free 
Air through a Stratum of perhaps Twenty Thousand Feet. — 
This has seemed to me essential to a rapid advance in our 
knowledge of meteorology, and as especially promising in the 
direction of forecasts, but I have not considered it so much a 


ybject for the expenditure of public money as of private 


] roper ( 
scientific enterprise. It would cost anywhere from $3,000 to 
$25,000 per year, depending on the method pursued and the 
completeness of the gathering of the harvest of facts ready for 
the reaper. It is probably only a question of time when some 
wealthy public-spirited citizen, in sympathy with scientific enter- 
prise, will authorize such a campaign. 

Along with these larger studies have been carried on and 
encouraged others of less range but still very important, some 
of which have already reached the point of publication, as can 
be seen in our series of nine bulletins. Others are now ready 
for the press and others still are yet uncompleted. 

This scientific side of the work of the Bureau has been 
carried on without the neglect of the forecasts; on the other 
hand, the latter have been on the whole improved, and the work 
required to keep up and improve the efficiency of our instru- 
mental outfit and the completeness of our statistical and climatic 


data has been unflagging. Indeed, much labor has been put on 
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the preparation and digestion of the climatic data for publica- 
tion. As an illustration of this class of work, it may be 
mentioned that there is ready for publication a discussion of 
the relation of climate to crops, and there is compiled ready for 
discussion the rainfall data of the United States up to the end 
of 1891. The discussion of this highly interesting and important 
mass of data is now in hand. 

The present method of forecasting is the best so far devised, 
and the American service performs the work with relatively 
great success. The hope for its marked improvement, in my 
estimation, lies in scientific investigation on some such lines as 
are laid out above. With the completion of these lines of 
investigation it is not quixotic to believe that the forecasts could 
be much improved. 


JULY 13, 1893. 


THE PERIODIC TERMS IN METEOROLOGY DUE TO 
THE ROTATION OF THE SUN ON ITS AXIS. 
PROF. FRANK H. BIGELOW, U. S. WEATHER BUREAU. 


BY the permission of the Chief of the U. S. Weather Bureau, 

it is my privilege to make a brief statement of some of 
the results of an investigation, which has been going on into 
the action of the sun on the meteorological elements of the 
atmosphere. In Bulletin No. 2, U. S. Weather Bureau, 1892, 
on “ A New Method for the Discussion of Magnetic Observa- 
tions,” not only the method of treating the observations was 
described, but also an outline of the theory of the general work 
was rapidly sketched. At that time the outcome was clearly 
seen along one of the main lines of advance, but the end to be 
attained along the other line was still in the dark. It is possi- 
ble now, however, to make a number of definite statements that 
are of importance in the development of meteorology. 

The investigation was originally undertaken as a subject in 
physical astronomy, but it was soon perceived that its comple- 
tion involved certain terms in terrestrial magnetism, and also 
in meteorology. There was a fair reason to hope that along 


these lines might be found some of the functions, for lack of 


which solar and terrestrial physics could not be reduced to an 
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intelligible, comprehensive theory. The statements of Bulletin 
No. 2 have been supplemented by a paper for the astronomical 
section of the Congress Auxiliary of the World’s Fair, Chicago ; 
and in order to gain space for important material, the substance 
of those two papers will be mentioned in the most summary way. 

The sun is apparently organized with a nucleus and a con- 
centric shell. The nucleus approaches a rigid condition, or at 
least one of high viscosity, so that changes within it proceed 
leisurely. It is in a physical state of polarization, and emits a 
magnetic field which puts the surrounding cether ina state of 
strain, its strength at the distance of the earth being about 
0.000115 dyne, C. G. S., and therefore capable of direct compo- 
sition with lines of force from the earth’s permanent magnetic 
field. Thence it is computed that the magnetization of the sun 
is about 269 dynes, nearly one fifth that of the maximum mag- 
netization of steel, 1,390 dynes, though in the case of the most 
intense magnetic storms this may rise to ten times that of steel, 
the usual magnetic perturbations being only four or five times 
the normal, and therefore about equal to steel. This field at 
the earth has a synodic rotation in 26.68 days, of which the 
probable error is not 0.005 day; it has been traced day by day 
for seven European stations throughout the years 1878 to 1889 
inclusive, and hence the question of the direct magnetic action 
of the sun on the earth is answered affirmatively. From com- 
putations on the stream lines of the solar corona, and from the 
variations of the magnetic field at the earth, the distribution of 
magnetism on the sun can be computed by the harmonic analy- 
sis, and its entire magnetic topography made out. This is a 
work that it has not yet been possible to commence in detail. 
It is, however, already known that the poles of magnetization of 
the sun’s nucleus, which I call coronal poles, are located about 
44° from the axis of rotation, and that the south precedes the 
north coronal pole by about 102° of longitude. The north pole 
is probably the positive, and the south pole is probably a little 
the stronger. The visible coronal stream lines are certain lines 
of force in this field rendered visible like an aurora by peculiar 
physical conditions. The bases of these lines are confined to 
two narrow belts about 15° wide, one in each hemisphere, whose 
mean angular distance from the magnetic poles is not far from 
34°. The sun spots are in some way associated with, if not the 
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direct, products of this magnetic system, and have local habitats 
on the sun, the greater number occurring under the meridians 
of increased magnetic intensity. The period of rotation of the 
polar regions of the sun, as derived from the magnetic field, is 
the same as that of the equatorial belt as deduced from the sun- 
spots, and gives the daily mean motion 868’.7 in arc. Hence it 
is concluded that the so-called acceleration of the solar equato- 
rial belt, relatively to the sun-spots in mid latitudes, should really 
be explained by an anti-rotational drift or surface current like 
the westerly trades in the tropics of the earth. In accordance 
with recent theories it is supposed that the magnetic lines of 
force surrounding the sun are rotational vortices in the zther, 
by whose pressures they are propagated in wide sweeping curves 
to the earth, and that they therefore enter the polar regions of 
the earth by the laws of magnetic conduction. 

The photosphere of the sun seems to be the seat of another 
magnetic field, namely, the electro-magnetic field which Maxwell 
has regarded as the true source of luminous vibrations. These 


zether waves arise in the atomic vibrations of the material of 


the photosphere, are propagated in straight lines in an electric 
and a magnetic wave in quadrature to the surface of the atmbs- 
phere. In passing through the rare gases of the air, a series of 
transformations of the impressed energy takes place in its con- 
stituents, by which the wave lengths are in part increased with 
diminution of the amplitude, and also is produced Joule’s Heat 
from the work absorbed by the resisting atoms, and the static 
electricity of the atmosphere. (See Poincaré, Electricite et 
Optique, p. 69, part II.) Thence I conclude that atmospheric 
absorption of these impressed rays is one of the most urgent 
problems of science, especially in its relations to temperature ; 
that the ether waves of induction beyond the limits of the 
visible spectrum must fully be accounted for, especially in their 
biological and physiological actions ; and it has been attempted 
to show that the static electricity of the atmosphere is derived 
from the transformed energy of these ether waves. Accom- 
panying the transmitted waves of the zther, is a magnetic wave 
with a lag of 90° behind the electric displacement, which is of 
so great frequency as to constitute a steady, uniform magnetic 
field of force, called the radiant-field, that acts upon the forces 
of the terrestrial magnetic field, immersed within it. In order 
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to trace out the distribution of this radiant field, whose lines are 
disturbed by the earth as a magnetic conductor, computations 
have been made on the observations of 30 magnetic stations 
distributed over the earth, and the results transferred to a 
30-inch model globe. This shows that the uniform field is 
inflected and exflected at the surface of the earth, in a very 
complex system of forces, but that the law of magnetic refrac- 
tion is common to them all, the index being about 1.25, and the 
strength of the uniform field about 0.000125 dyne C. G. S., or 
a little greater than the coronal-ficeld at the earth. Further 
description of this system of forces must be omitted, but it 
appears to be a complete explanation of the observed phenomena 
of the variations of the freely suspended magnetic needle in its 
diurnal and annual excursions. Extensive computations on the 
forces of magnetic disturbances show that they come to the 
earth on the lines of the coronal field, enter into composition 
with the complex system of the radiant field and the lines of 
force of the permanent field, the resultant being that which is 
recorded in magnetic observatories at any instant of time. The 
auroral displays are physical products of the induced vibrations 
of these three fields of magnetic force, which have certain habi- 
tats in conformity with the distribution of these lines of force, 
obedient to the laws of magnetic induction. The visibility 
depends much upon the local constituents of the atmosphere, 
especially the aqueous vapor, that take up the resultant ether 
vibrations. The complete mathematical solution of these mag- 
netic functions has not been performed successfully up to this 
time, as it involves the use of so many variables derived from 
the astronomical and magnetic conditions, as to render the 
analytic equations very complex. 

One must carefully bear in mind the fact that along these two 
solar fields there come to the earth two distinctly different types 
of zther vibrations, those of the radiant field being alternating 
linear displacements, and those of the coronal field being rota- 
tional or vortical. They form two sources of impressed energy 
of fundamentally different types, and their transformation and 
dissipation in the atmosphere give the basis of some observed 
meteorological phenomena. It will be necessary to return to 
this distinction after the important facts regarding the coronal 
field at the earth have been sufficiently enumerated. 
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The form of the periodic curve which represents the variations 
in intensity of the coronal magnetic field, as a system of deflect- 
ing forces impressed upon the normal terrestrial magnetic field, 
was determined as follows: The magnetic observations give 
hourly readings of the three components of the horizontal force 
( positive north ), declination ( positive west ), and vertical force 
( positive inward ), and the daily mean of these, relatively to the 
mean annual values as determined from the means by months, 
give a set of residuals in rectangular co-odinates. When these 
are transformed into equivalent polar co-ordinates, ¢= total force, 
6 = horizontal component, = vertical angle, 6 = azimuth angle, 
and collected together, there is manifested a series of periodic 
changes. This work has been executed for five European sta- 
tions from 1878 to 1889 inclusive; Greenwich, Vienna, Prague, 
Pawlowsk, Tiflis; with Paris and Pola added from 1886 to 1889 ; 
and also Los Angeles, Toronto, Zi-ka-wei and Batavia for 1887. 
The changes in azimuth £ are most striking. All these stations, 
covering practically the northern hemisphere, and extending 
over a sun-spot eleven-year cycle, are simultaneously affected by 
the same impressed forces, so that on given dates, for a block of 
about eight days, the azimuth direction is, for example, south 
along the meridians, and then within a given twenty-four hours 
the directions in azimuth are simultaneously reversed to the 
north, where they remain for another longer block of days, as, 
for instance, nineteen. These peculiar reversals of azimuth 
were found to recur at very regular intervals of nearly twenty- 
seven days, so that a direct connection with synodic solar rota- 
tions suggested itself. On reducing the eight-day and the 
nineteen-day intervals to degrees, it was found that the same 
interval occurred, as already found from the photographs of the 
corona between the south and the north poles onthe sun. Select- 
ing, therefore, the beginning of the short interval as that time 
when the south pole of the sun’s magnetic system is nearest the 
earth, a series of computations, including four independent least 
square solutions, namely, for the 3d, 11th, 17th, and 22d days of 
the period, and embracing the twelve years, gave the epoch June 
12.22, 1887, and the synodic period 26.67928 days = 26d. 16h 
18m. 9.8s., or the equivalent sidereal period 24.86319 days = 
24d. 20h. 42m. 54.6s. From these data a magnetic ephemeris 
was constructed from 1875 to 1900, giving the dates of the 
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recurrence of the passage of the south coronal pole of the sun 
past the earth. This period has been tested in so many ways, 
and responds to all demands upon it so faithfully, that I have no 
hesitation in saying that it is the natural period to be adopted in 
magnetic and meteorological computations. It should, therefore, 
entirely supersede the calendar month, as a period for taking 
residuals with reference to a mean, because the calendar month 
has no reference to periodic recurrences of these phenomena, 
and consequently the residuals cut themselves up in applying 
to a long series of observations. This successful localization 
of the recurrent effects, with reference to certain meridians on 
the sun, fulfils a long felt need in physics, and will enable us to 
classify the heterogeneous mass of residuals in these subjects 
which have hitherto defied examination, and will also hasten on 
the process of elimination of the different systems of forces act- 
ing on the earth, and a separation into their appropriate parts. 
Thus there now may be found terms depending upon the diur- 
nal rotation of the earth on its axis, the annual motion of the 
earth in its orbit, and the solar rotation of 26.68 days, which 
exhaust all the astronomical periods proper. I have found the 
use of this period so helpful in the study of meteorological phe- 
nomena, that its adoption in general cannot be too strongly rec- 
ommended. The remainder of this paper will be for the most 
part devoted to illustrating the application of the coronal period 
to the phenomena under consideration. 

In interpreting the resulting curves, some reservations must 
be borne in mind. Whatever may be the mean magnetic sys- 
tem existing on the sun, it is evident that it is not at all times 
in a steady, quiet condition but is constantly undergoing fluctu- 
ations, as can be assumed from the behavior of the spots in the 
eleven-year period, the local outbursts of the prominences, the 
facula, the terrestrial magnetic storms, and the auroras. Until 
this line of research has been cultivated much more perfectly 
than at present, so as to understand the meaning of such pecu- 
liarities, only approximate reproductions of the normal mean 
curve will be obtained at any time. This same inexact repeti- 
tion of the periodic intensity, as, for example, when the maxi- 
mum occurs on one or the other of the possible maximum points 
of the curve for a given passage along the curve, or when the 
outburst occurs a day early or late as referred to the mean, the 
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result of these variations in phase is to diminish the surviving 
amplitudes after a long series. Therefore, at the end of several 
years, it is found that the residuals are much diminished from 
their primary values, although the true relative changes reappear 
on restoring the amplitude of the residuals by a proper factor. 
Furthermore, in any actually observed phenomena in meteor- 
ology, we cannot have a term desired distinctly separated from 
all other sources of energy. ‘Thus in barometric pressures, the 
radiant field at the equator distributes its energy through the 
system of highs and lows due to the rotation of the earth on its 
axis, which though called permanent are under constant flux 
locally, in accordance with the prevailing thermo-dynamic con- 
ditions, so that whatever pressure may be due to the coronal 
magnetic field, it is always masked by these conditions. In 
spite of these difficulties arising on the sun and on the earth, 
the following curves are without doubt instructive and all tend 
to prove the effectiveness of this magnetic action upon the 
atmosphere of the earth. 

1. The Magnetic curve for the European stations during the 
12 years, 1878 to 1889, is obtained from the residuals of the 
horizontal component o, the individual periods within each year 
being separately computed, the annual curve for each year and 
the mean for twelve years taken, the latter here reproduced. 
Unit = 0.000001 dyne C.G. S. It shows crests on the 3d, 
6th, 11th, 13th, 17th, 22d, and 26th days, the prominent maxima 
being on the 3d, 11th, 17th, and 22d days, this subdivision 
forming the real basis of the six and seven days cycles that have 
so often been noted. It will be observed that the mean curve 
has one long sweep with minimum on the 7th, and maximum on 
the 17th, with a secondary minimum on the 24th and maximum 
at the beginning of the period. This makes the general curve 
drop at each end relatively to the centre; the intervals 3d-11th 
days and the 22d-26th are those conspicuously brought out in 
the system of azimuth reversals. This subject is very extensive, 
but no more can here be stated. 

2. The sun-spot areas in millionths of the sun’s visible sur- 
face, as given in the “Greenwich Volumes,” were collected by 
periods, by annual means, and by the 12-year mean, the latter 
being here given. The reducing factor is used so as to make 


the amplitudes about the same. The general sweep of the 
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magnetic curve and the crests occur with appropriate accuracy, 
though it is suggested that the spot curve lags a little, as if the 
spots were secondary effects of the outpouring of the magnetic 
system, or else have drifted in an anti-rotational direction. The 
localization of the spots on solar meridians is clearly seen. 

3. The U. S. weather maps for fifteen years from 1878-1892 
were examined, and the minimum pressures for the day, the 
mean of two or three readings, tabulated in units of hundredths 
of an inch, the final mean being here copied. The separate 
years show more or less conformity to the fundamental curve, 
and the result is that the low-pressure troughs rise and fall in 
relative depth with the change in magnetic force of the field. 

4. The North Atlantic Low Pressures for the ten years 
1878-1887 were taken from the International and the Hoffmeyer 
Synoptic Charts, and were tabulated 4n accordance with the 
coronal period. A remarkable feature is that this curve must 
be inverted in order to agree with the magnetic curve in direc- 
tion, which indicates that the permanent North Atlantic Low 
varies inversely with the strength of the field. Such inversion 
appears here and there among meteorological data, and leads to 
many important and curious consequences. In this case the 
conclusion is quite evident that the strengthening of the mag- 
netic polar field increases the general atmospheric circulation 
all over the hemisphere, in the channels marked out by the 
continents, the oceans, and the rotation of the earth. 

5. The North Atlantic High Pressures of the permanent 
anticyclone show the same direct variations with the magnetic 
field as the United States low areas. 

6. The intensities of the general weather prevailing day by day, 
as recorded in the Weather Bureau Journal, were marked on a 
scale of 4, where 1 = clear, 2 = partly cloudy or windy, 3 = some 
precipitation, high winds, 4 = severe storm, and then collected 
by the period, the plotted numbers being the final residuals multi- 
plied by the factor 2. The Washington curve, with more or less 
exactness, period by period, shows that the weather fluctuations 
follow the magnetic system, even when considered at one sta- 
tion. From personal observations of the weather conditions for 
a year, with the magnetic curve before me, I may report my 
belief that the two are so intimately associated together as to 
form a basis for general long-range forecasts. I hope that a 
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complete mastery of the magnetic system, involving a contin- 
uous watch upon the condition of the sun’s field, will gradually 
enable us to separate the action of the equatorial field and the 
effect of the rotation of the earth from that of the polar field. 

7,8. The Chicago and Bismarck curves likewise follow the 
fundamental type curve. 

9. The maps of the German Weather Service were read off 
by general estimate for the years 1886, 1887, paying attention 
to the condition of the whole territory covered. From these 
results can be deduced the principle that weather conditions 
vary all over the hemisphere directly with the cosmical magnetic 
field, and it may not be going too far to say that the field causes 
part of the intensity of weather phenomena, however much the 
form of display may be masked by the operation of other causes. 

10. The number of 4s occurring on each day of the coronal 
period for ten years were counted up for Washington, and the 
variations on the mean reduced to the accompanying curve. It 
shows that severe weather may be expected near the 3d, 6th, 
11th, 17th, 22d, and 26th days of the period rather than any- 
where else, and since by means of the ephemeris such dates 
may be found years in advance, the type of weather that will 
probably occur may be approximately forecasted. The reading 
of the changes of the daily weather maps should also be facili- 
tated by the knowledge derived from this intensity curve. 

11. The Temperature curve is obtained from the same seven 
stations for which the magnetic computations were made, and it 
shows that temperature and magnetic intensities vary inversely, 
since the curve as here plotted is inverted in the signs of the 
ordinates. 

12. The Relative Humidity curve is computed for the same 
seven stations for two years, and like the temperature it indi- 
cates an inverse variation to that of the magnetic curve. It has 
not been possible for me to cover the hemisphere with tempera- 
ture and relative humidity computations, as in the case of pres- 
sure, even in such a general way as the one there pursued. 
Careful and complete treatment of these two elements should 
be carried out, as the results promise some radically important 
contributions to theoretical and practical meteorology. 

13. The curve for Atmospheric Electricity was derived from 
the data in Prof. Mendenhall’s report of observations conducted 
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for the United States Signal Office, at several stations in 1886, 
1887. It shows that this element varies directly with the mag- 
netic field. 

14. The data for the Thunderstorm curve were taken from 
the United States Monthly Weather Review, and are exceed- 
ingly rough, for the years 1878, 1879, being the number of 
States reporting, and in 1886, 1888, the number of storms 
reported in all the States. The frequency of these storms varies 
directly with the intensity of the magnetic field. 

15. The number of High and Low centres was obtained 
from the International Weather Charts of 1887, by counting the 
number of distinct maximum and minimum pressures, as shown 
by the enclosed areas on the map. It declares that the whole 
hemisphere suffers changes in pressure distribution with varia- 
tions in the intensities of the magnetic field; that this cosmical 
force sets the atmosphere of a whole hemisphere into more rapid 
circulation, by which the number of pressure centres and storms 
is increased on certain days of the period. This can be seen 
on the maps when attention is directed to it. 

Similar studies of the Auroral Frequencies, the United States 
Highs, the International polar stations of 1882, 1883, and 
Siberian stations for the same years give harmonious results, 
though they must be omitted from this abstract. An arrange- 
ment of the annual means side by side through the sun-spot 
cycle, beginning with 1878, shows that the magnetic field, sun 
spots, and the United States Lows, vary directly, but the North 
Atlantic Lows universely in the eleven-year cycle. 

Passing now from details to generalizations, I think it will be 
admitted by the most captious critic that there ts something in tt, 
how much being still the subject of strict investigation. It will 
certainly be difficult to overthrow the meaning of this mass of 
testimony, which will undoubtedly be strengthened by continual 
applications of the period to observed phenomena, however 
much may be desired in regard to the steadiness of the residuals. 
Let us see what bearing this has upon general meteorology. 
After a close study of the mathematical details of the theories 
as propounded by the American and German schools, it seems 
to me that something is still lacking between theory and observa- 
tion. The application of the Eulerian Equations of relative 
motion to the general circulations of the atmosphere has un- 
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doubtedly been successful, but an error has probably been 
committed in extending this theory strictly, by analogy, to cy- 
clones and anticyclones. For in order to get a source of energy 
sufficient for the effects observed, instead of the impressed 
energy of the radiant field at the equator and the conservation 
of areas of equal motion, we are told to employ Carnot’s Cycle 
of operations for mechanical heat, or secondary motions derived 
from general currents of the atmosphere. The analogy can 
only be partially sustained in mathematical details, and in addi- 
tion to the many practical objections urged by Hann, Hazen, and 
others, this one seems very impressive. By the Eulerian theory 
highs and lows mutually feed each other, as in the general case 
of a hemisphere, or else they must cease to exist; but thus 
they isolate themselves from the general circulation, and form 
secondary conservative systems within the primary. Now, in 
practical meteorology the exchange of air from the equator to 
the poles, in the high-flying northeast current, is clearly made 
out, but there is surprisingly little provision made for the re- 
turn of this air from the pole to the equator along the earth. 
On the face of this problem, the anticyclone and cyclone would 
appear to be a mechanism for overcoming the surface friction of 


the low-flowing anti-rotational return current. Thus these 


may be regarded as a system of double-vortex knots, whose free 


} 


ends lie one in the polar regions and one near the trade belts, 


both in the upper strata. The circulation should be from the 
polar strata down through the anticyclone in a reversed helix, 
then up through the cyclone in another reversed helix, the 
drainage southeast current feeding the permanent anticycione 
of the thirty degree parallel, whence the trades proceed. The 
history of the drainage current from the upper cyclone has 
not yet been well written. This is at least a theory worth con- 
sidering, and it carries us to vortex wave motions for our math- 
ematics, rather than to the hydrodynamic equations of relative 
motion. 


Note the meaning of the magnetic physics that has been 


outlined. According to the data of meteorology, an increase 
in the intensity of the radiant field at the equator gives an in- 


crease in hydrostatic pressure, an increase in temperature, a 
decrease in relative humidity, a decrease in cloudy condensa- 


tion, and an increase in vapor tension. 


According to my analy- 
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sis an increase in the magnetic polar field gives an increase in 
pressure, a decrease in temperature, a decrease in relative 
humidity, a decrease in precipitation, and an increase in cloudi- 
ness. Therefore the radiant or electro-magnetic field is favor- 
able to producing warm, dry, high pressure areas, such as are 
seen in the permanent tropical belt, while the magnetic polar 
field is favorable to the production of the cold, dry, high pres- 
sure areas such as frequent the storm belts farther north. This 
may be explained physically as follows: the electro-magnetic 
gether waves are linear vibrations, which increase the frequency 
of collisions, and the length of the paths of excursion of the 
atoms of the air, and thus the pressure and the temperature to- 
gether; the magnetic ether rotations are circular, tend to 
widen the atomic orbits and make them flow more in parallel, 
thus polarizing them about the lines of the field as axes, and 
increasing pressure while diminishing the temperature. Hence 
it would seem that the coronal magnetic field, by an increase in 
its intensity over the entire polar cap, tends to build up dry, 
high-pressure areas, which are then expelled outward hydro- 
dynamically, and seeking the warm, high pressures near the trop- 
ics, by vortex waves and knots, pass through the anticyclonic and 
cyclonic system in this chain of circulation, whose purpose is to 
keep the currents off the ground. Thus precipitation and 
cloudy condensations are incidents, to which the thermo- 
dynamical laws properly apply. By this mechanism in air cir- 
culation some of the objections alleged against the isolated 
system of highs and lows are certainly avoided. The power 
of storms is placed in the highs, and these are more or less 
rigorously under control of the polar magnetic field, which is 
absolutely dependent upon the output from the solar nucleus, 
and the rotation of the sun on its axis. The double amplitude 
in the range of hydrostatic pressure of the atmosphere in the 
polar regions is about six millimeters in the annual mean, and 
in Europe about four millimeters, even after the residuals have 
cut themselves down algebraically by the succession of highs 
and lows producéd in the general circulation ; in the tropics this 
field can have little influence. 

Such a radical change in meteorological matters must ulti- 
mately depend for verification upon long continued treatment of 
the data of observations, coupled with adequate mathematical 
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analysis. One of the earliest tasks is to obtain the physical 
functions of each meteorological element in terms of the strength 
of the magnetic field, but this wi!l require much careful and 
laborious research. The demands of meteorology would also in- 
dicate the necessity of providing for suitable magnetic observa- 
tions in the United States, alongside of the ordinary meteoro- 
logical data being so abundantly procured. We are, however, 
peculiarly deficient in this regard and can hardly expect to make 
any progress till the gap has been filled. The analytic problems 
of the distribution of magnetism in the sun and the observation 
of its changes, together with the distortion of the solar fields as 
they pass the region of the earth, are tasks not only important 
but fascinating. It is thought that a fair beginning has been 
made in the analysis and classification of this series of cosmical 
phenomena, and that future investigations need not be impeded 
by the general lack of perspective that has so long concealed 
this beautiful aspect of the solar system. 

In order to facilitate a general study of the coronal curves, 
the mean curve, adopted as a composite from the study of the 
entire system of variations for fifteen years, is attached on a 
fly-slip. By tearing it off and comparing it with each curve, 
one can readily perceive that together they form a general sys- 
tem of functions, and that the independent variable to be se- 
lected is the intensity of the solar magnetic field. 
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IX. The climate and crops of the Pacific coast of the United States. 
Dr. E. W. Hilgard, Berkeley, Cal. 

X. The effect of forests on temperature and rainfall. Prof. B. E. 
Fernow, Washington, D. C. 

XI. The relation between climatic conditions and the development of 
corn. Mr. Thomas F. Hunt, Columbus, Ohio. 

XII. Climatology and agriculture, and their relation to irrigation. Col. 
Richard J. Hinton, Washington, D. C. 

XIII. Climate and insect life, with special reference to injuries resulting 
to important crops due to insect pests. Prof. C. V. Riley, 
Washington, D. C. 

XIV. Climate and its relation to the more important fruit crops. Mr. E. 
F, Smith, Washington, D. C. 

XV. Relation of plants to moisture and soil. Prof. Milton Whitney, 
Baltimore, Maryland. 
XVI. Droughts and famines in India. John Eliot, Calcutta, India. 
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I. The forecasting of ocean storms and the best methods of making 
such forecasts available to commerce. Mr. Wm. Allingham, 
London, England. 

II. International co-operation in prosecuting work and publishing results 
in ocean meteorology. Prof. E. Knipping, Hamburg, Germany. 

III. The creation of meteorological observatories on islands scattered 
over the ocean and connected witha continent byacable. The 
Prince Sovereign of Monaco. 

IV. Observations of clouds at sea by means of the nephoscope. Prof. 
Cleveland Abbe, Washington, D. C. 
V. The barometer at sea. Mr. T. S. O’Leary, Washington, D. C. 

VI. The present state of our knowledge of the secular change of vari- 
ation of the mariner’s compass, together with an outline of 
a plan to provide data for discovering its cause and period 
Mr. G. W. Littlehales, Washington, D. C. 

VII. Relations between the barometric pressure and the direction and 
strength of ocean currents. Lieut. W. H. Beehler, U.S. N., 
Washington, D. C. 

VIII. Storms inthe North Atlantic. Ensign Everett Hayden, U.S. N., 
Washington, D. C. 
IX. Storms of the South Atlantic. Capt. A. P. Pinheiro, Rio Janeiro, 
Brazil. 
X. Clouds and their utility to the mariner. A. L. Rotch, Boston, Mass. 
XI. The periodic and non-periodic fluctuations in the latitude of storm 
tracks. M. A. Veeder, Lyons, N. Y. 
XII, Ocean temperatures and ocean currents. Lieut. A. Hautreux, 
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SECTION F. 
WEATHER SERVICES. 

PROF. CHARLES CARPMAEL, DIRECTOR MET. OFFICE, TORONTO, CANADA, 
CHAIRMAN. 

[ Titles of papers not yet received. | 
SECTION G. 

ATMOSPHERIC ELECTRICITY AND TERRESTRIAL MAGNETISM. 
Pror. F. H. BIGELow, U. S. WEATHER BUREAU, CHAIRMAN. 


I. On the cartographic presentation of the distribution of the forces of 
terrestrial magnetism, and their variations. Prof. Dr. G. Neu- 
mayer, Hamburg, Germany. 

II. Onthe magnetic survey of Europe and Asia. General A. von Tillo, 
St. Petersburg, Russia. 
III. On the magnetic survey of North America. Prof. C. A. Schott, 
Washington, D. C. 
IV. On the construction and compensation of magnetic instruments. 
Dr. Th. Edelmann, Munich, Germany. 
V. On the cosmical relations manifested in the simultaneous disturb- 
ances of the sun, the aurora, and the terrestrial magnetic field. 
Prof. Selim Lemstrém, Helsingfors, Finland. 
VI. On the magnetic action of the sun upon the earth, including its rela- 
tions to the meteorological condition of the atmosphere. Prof. 
F, H. Bigelow, Washington, D.C. 
VII. On the International Polar expeditions of 1882-1883. Dr. C. 
Borgen, Wilhelmshaven, Germany. 
VIII. On the origin and distribution of atmospheric electricity. Dr. T. 
Elster and Dr. H. Geitel, Wolfenbiittel, Germany. 
IX. On the present condition of mathematical analysis as applied to ter 
restrial magnetism. Prof. A. Schuster, Manchester, England. 
X. On electrical instruments for the observation of atmospheric elec- 
tricity; protection against lightning discharges. Prof. E. 
Mascart, Paris, France. 
XI. On methods for increasing the sensitiveness of magnetic instru- 
ments. Dr. M. Eschenhagen, Potsdam, Germany. 
XII. On the discovery of the declination of the magnetic needle. Dr. P. 
T. Bertelli, Florence, Italy. 


SECTION H. 
RIVERS AND FLOODS. 
PrRoF. THOMAS RUSSELL, CHAIRMAN 


I. Floods of the Mississippi River, with reference to the inundation 
of the alluvial valley. Wm. Starling, Esq., Greenville, Miss. 

II. Flood planes of the Mississippi River. } A. Ockerson, Engineer 
Corps, U. S. A. 
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III. River classification. Dr. A. Woeikoff, St. Petersburg, Russia. 
IV. Floods in Siberian rivers. Dr. Fr. Spharck, Smolensk, Russia. 
V. Apparatus for measuring river current velocity. A. A. Haskell, 
Engineer Corps, U. S. A. 
VI. Rainfall and run-off over small drainage areas. Prof. Chas. C. 
Brown, Schenectady, N. Y. 
VII. River stage predictions on the Elbe. Ing. H. Richter, Prague, 
Austria. 
VIII. The principles and methods of high water prediction on the river 
Rhine. Herr M. von Tein, Carlsruhe, Germany. 








IX. The Nile. William Willocks, Cairo, Egypt. ¥ 
X. Rainfall and maximum river flow. James Craig, Rangoon, Burmah. f 
XI. River stage predictions in the United States. Prof. Thomas 
Russell, Washington, D. C. y 

SECTION I. 
HISTORY AND BIBLIOGRAPHY. : 


OLIVER L. FassiG, LIBRARIAN, U. S. WEATHER BUREAU, CHAIRMAN. 


I. History of the weather-map. Prof. M. W. Harrington, Washing- 
ton, D. C. 

II. Sketch of the development of meteorology in Canada. Prof. Charies 
Carpmael, Toronto, Canada. 

III. Sketch of the development of meteorology in Mexico. Sr. Rafael 
Aguilar, Mexico City. 

IV. Contribution to the meteorology and terrestrial magnetism of the 
15th, 16th, and 17th centuries. Prof. Dr. G. Hellmann, Berlin, 
Germany. 

V. English meteorological literature of the 15th, 16th, and 17th centuries. 
Mr. G. J. Symons, London, England. 
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HISTORICAL SKETCH OF METEOROLOGY IN THE UNITED STATES. 


VI. The meteorological work of the Medical Department of the U. S. 
Army. Maj. Charles Smart, U. S. A., Washington, D. C. 
VII. The meteorological work of the Smithsonian Institution. The 
Secretary, Smithsonian Institution, Washington, D. C. 
VIII. The meteorological work of the Hydrographic Office. Lieut. Wm. 
H. Beehler, U. S. N., Washington, D. C. 
IX. The meteorological work of the United States Signal Service. 
Prof. Cleveland Abbe, Washington, D. C. 
X. The State Weather Services of the United States. Maj. H. H.C. 
Dunwoody, U. S. A., Washington, D. C. 
XI. The New England Meteorological Society. 
XII. Early individual observers in the United States. Mr. A. J. Henry 
Washington, D. C. 
XIII. Simultaneous observations in the United States during the 18th 
century. Mr. Alex. McAdie, Washington, D. C. 
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XIV. Individual contributions to theoretical meteorology in the United 

States before 1830. Mr. Lorin Blodgett, Philadelphia, Penn. 
XV. Individual contributions to theoretical meteorology in the United 

States during the Espy-Redfield period. (1830-55.) Prof. W. 
M. Davis, Cambridge, Mass. 

XVI. Individual contributions to theoretical meteorology in the United 
States during the Loomis-Ferrel period. (1855-g1.) Prof. 
Frank Waldo, Princeton, N. J. 

XVII. A bibliography of American contributions to meteorology. Mr. 
Oliver L. Fassig, Washington, D. C. 


The Sonnblick Observatory. — The First Annual Report of the Sonnblick 
Verein of Vienna has just come to hand and furnishes much interesting 
reading concerning the observatory on the Sonnblick and its work hitherto. 
A paper by A. v. Obermayer gives an account of the building of the 
observatory, its development and the cost of maintaining it. The building 
of the observatory was the result of a proposal first made by Ignaz Rojacher, 
in 1884,and of Dr. Hann’s energetic efforts in the cause of mountain 
observatories, he having been asked by the Meteorological Congress in 
Rome, in 1879, to report on high level observatories. ‘The winter of 1885-6 
was used in preparing the wooden house which was to be subsequently 
carried up to the summit of the Sonnblick, the expenses being borne by the 
German-Austrian Alpine Club. The Austrian Meteorological Society 
contributed towards the building of the anemometer tower, of the telephone 
connections, the purchase of instruments, and other expenses. The 
transportation of the materials for the observatory to the top of the moun- 
tain was carried on during the summer of 1886, under most unfavorable 
circumstances of weather, and with great difficulty. The building was 
formally opened on September 2, 1886, in the presence of about eighty 
persons, and was then turned over by the Alpine Society to the Meteoro- 
logical Society, to be thereafter used for scientific purposes. 

An account of the history of the Sonnblick station, of the building, and 
of the instruments and observations, has already been given in this JOURNAL 
(Vol. V., 1888-9, 13-19) by Mr. Rotch, who visited the observatory in 
September, 1887. The wooden house first built contains the observer’s 
room, and a room for tourists, each of these rooms being about four metres 
square. The walls of the house are of beams, with the joints caulked with 
moss, shingled inside and sheathed outside. There is a loft in which there 
are beds for tourists. The house is anchored to the rock by iron rods. 
Adjoining it on the west is a two-story stone tower, through which is the 
principal entrance to the observatory. On the top of the tower are the 
anemometer and the wind vane. Next to the tower is a small room built in 
stone, which is used as a kitchen. 

The expense of carrying on the observatory has been borne by contribu- 
tions from the societies interested and from a large number of private indi- 
viduals. The annual cost of maintenance is about 1,200 florins, and the deficit 
at the end of the year 1892 was goo florins. The Sonnblick Verein has under- 
taken to make up each year the sum necessary to carry on the work, and 
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appeals to those interested in scientific research to contribute towards the 
support of this institution, which has already done so much valuable work 
in the cause of meteorology. 

The second article in the report is a memoir of Ignaz Rojacher, who, in 
1884, first proposed to maintain a station for meteorological observations at 
the Knappenhaus (2,340 m.), and afterwards decided to have a station on the 
summit of the Sonnblick, at the height of 3,095 metres above the sea. 
Rojacher throughout the remainder of his life took the most active interest 
in the building of the observatory and the maintenance of observations in 
it, and his death on Jan. 4, 1891, removed one of the best friends and most 
active workers that meteorology has had in Austria. 

The third paper in the present report is by Dr. Hann, and gives the most 
important results hitherto obtained from the meteorological observations 
made on the Sonnblick. The interest that attaches to these observations 
may be understood when it is remembered that in them we have for the first 
time complete and systematic data for almost seven years from a station far 
above the limit of eternal snow. The mean temperature (-13° C.) of Feb- 
ruary, the coldest month on the Sonnblick, is noted on the earth’s surface in 
northeastern Russia and central Canada in January. The mean July (1.4°) 
and August (1.5°) temperatures of the Sonnblick correspond to the July 
temperatures of the greatest degree of summer cold noted in the circumpolar 
regions, viz., that of Franz Josef’s Land. At Lady Franklin Bay, the most 
northerly station from which we have regular meteorological observations, 
the mean July temperature is nearly 3°C. The mean annual temperature 
of the Sonnblick,— 6.3° C. is found in the southern part of Spitzbergen, the 
central part of Siberia, along Hudson Bay, and quite far north on the west- 
ern coast of Greenland. The lowest temperatures on the Sonnblick occur 
with northerly winds and during the presence of barometric depressions over 
the summit. The mean temperature rises above freezing on June 27; 
attains its maximum about the middle of August, a month later than at the 
base, and falls below freezing again on September I. 

As regards humidity and cloudiness the conditions on the Sonnblick are 
the reverse of those at low level stations. In the latter the relative humid- 
ity is greatest in winter and least in summer, while in the former case it 
is least in winter and greatest in summer. The air is relatively the driest 
in December, with 82 per cent, and the most moist in June and July, 
with a relative humidity of 93 percent. These conditions are evidently due 
to the less active ascent of the air, and the consequent less active tendency 
to condensation, in the short days of winter. This fact is clearly brought 
out in the statistics of cloudiness. The greatest degree of cloudiness is in 
June, and the least in December, the conditions in this case, as in that of 
the relative humidity, being the reverse of those at low levels, The sunniest 
months hitherto experienced on the summit were February, 1890, with 205 
hours of sunshine (over 70 per cent of the possible duration ); September, 
1891, with 202 hours (58 per cent); August, 1892, with 227 hours ( 52 per 
cent), and July, 1891, with 204 hours (48 per cent.) February, 1892, had 
only 48 hours of sunshine, and May, 1887, only 73 hours. Days with 
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a cloudiness of 9 and Ito are most frequent in May and June, and least 
frequent in December and January. The clearest days come in winter, at 
times of high pressure, when the air is calm and generally very mild. The 
hours from Io A. M. to I P. M. in December have the greatest probability of 
sunshine; the afternoon hours in summer have a relatively very small prob- 
ability of sunshine. Here again the conditions on the summit are seen to 
be the opposite of those at low level stations. Of 198 days with precipita- 
tion there were only 21 days with rain. Snow and hail are the usual forms 
of precipitation. Thunderstorms are less frequent on the summit than at 
lower levels, and are also more moderate. 

Southwest and north winds prevail, east and southeast winds being rare. 
Storm winds and storms are most frequent in March, December, and Janu- 
ary. The highest velocities registered were on Jan. 14, 1888, 36 metres 
per second (80.5 miles per hour), and on March 18, 1889, 34 metres per sec- 
ond (76.1 miles perhour). The results of the anemometric observations are 
to be discussed by Dr. Pernter in a future report. The mean barometer on 
the Sonnblick is 519.6 mm. (20.457 inches). ‘The pressure is highest in 
summer and lowest in winter. The highest pressure recorded was 535.3 
mm. (21.075 inches), and the lowest 497.8 mm. (19.588 inches). 

We have made no attempt to give a detailed summary of Dr. Hann’s 
paper, but only to call attention to some of the most striking and interesting 
facts it presents. Dr. Hann’s previous studies of the Sonnblick records have 
shown, as our readers are well aware, that cyclones at that station possess 
a cold air mass and anticyclones a warm air mass, and Dr. Hann therefore 
believes that cyclones and anticyclones are occasioned by dynamic causes 
arising from the general circulation of the atmosphere, and not by thermic 
causes, as has been generally supposed. The importance of high level ob- 
servations in the solution of many of the problems of meteorology is clearly 
established, and the results derived from the Sonnblick data have already 
had a very far reaching influence. 

The present report of the Sonnblick Verein is illustrated by a portrait of 
Ignaz Rojacher, and by fine views of the mountain, the observatory, and the 
room of the observer. 


Thermometer Soundings in the High Atmosphere. — From an article by 
W. de Fonvielle entitled “ Thermometer Soundings in the High Atmosphere,” 
in Nature for June 15, 1893, we take the following quotations, as being of 
general interest to meteorologists : — 

“The project, which was suggested by Le Verrier in 1874, of sending 
small balloons into the upper atmosphere with registering apparatus has been 
executed recently by M. Hermite, in Paris, with remarkable success. No 
fewer than thirteen small balloons, constructed with paper and varnished 
with petroleum, were liberated during the last four months of 1892, and 
penetrated to an altitude of gooo metres. A paper balloon of 60 cubic 


metres capacity was sent upon December 7, but exploded at a small distance 
from the earth. It was therefore resolved to build a balloon of 113 cubic 
metres capacity in gold-beaters’ skin. The launching of this balloon took 
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place on March 21 last, at Vaugirard, with the help of the Aerophytic Union 
of Francs, of which I have the honor to be the president. The balloon was 
filled with 113 cubic metres of coal-gas. Its weight with netting was about 
fourteen kilograms. It carried ina small basket a Richard registering appa- 
ratus for temperature and pressure, and about seven hundred postal-cards, 
to be liberated by the combustion of a cotton string specially prepared for 
the purpose. This part of the operation utterly failed. Although the fire 
was put to both extremities of the string, it was extinguished before all the 
cards had been sent down, and out of four hundred which were precipitated, 
no more than five or six were recovered. Thus, the hope of determining the 
path by dropping such objects from an immense height had proved futile. 
But the recovery of the balloon at 190 km. from Paris was very easy, and the 
registering apparatus was returned to its owner in excellent working order. 
The diagram, which had been traced on the revolving cylinder, has been 
submitted to a close inspection, of which the results have been published in 
the Comptes Rendus and f Aerophile, anew periodical devoted to the study of 
aeronautics. 

“ The registering of the pressure had been continued down to 95 mm. of 
mercury, which answers to something less than 17,000 metres, if Laplace’s 
formula is valid even for this altitude. A temperature had been registered of 
— 51° C.=60° below zero Fahr., at a level of about 14,000 metres, accord- 
ing tothe same formula. The temperature on the ground being + 17°, a 
diminution of 67° C. was thus found, which is about a degree for each 210 
metres. The atmosphere being supposed to extend up to 180,000 metres, it 
is easy to see that these numbers are an indication that the cold of the 
upper regions is much greater than supposed according to Fourier’s theory, 
which asserts that the greatest degree of cold observed at the surface of the 
earth, viz. 58°, registered by Black in Northern America, is about equal to 
the temperature of celestial space. 

“ This remarkable observation is not however to remain long isolated, as 
Commander Renard, of Meudon, has built a set of registering apparatus, 
which were exhibited recently at the anniversary meeting of the Société de 
Physique, and will be sent up very shortly with a 113 cm. balloon inflated 
with pure hydrogen. So anew departure may be said to have been taken 
for the scientific exploration of the air at an altitude where no human being 
can penetrate. The series of prizes proposed by Mr. Hodgkins for 1893 
and 1894, and the creation of the Hodgkins medal by the Smithsonian Insti- 
tution, certainly add new interest to these experiments. 

‘*M, Janssen intends to establish an apparatus for making pure hydrogen 
in the Meudon Observatory in order to help M. Hermite to send his sound- 
ing balloons to a higher level if possible. He will, moreover, try to measure 
by direct observation the altitude of the balloons sent, as long as they re- 
main visible from his observatory. . . 

“ The ascent of March 21, when ordinary gas was employed, took place 
with such velocity that the balloon was seen always nearing the zenith, in- 
dependently of the diverging direction of the air, the mean recorded velocity 
having been eight metres per second from the time of starting to the time of 
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maximum, which was reached in three quarters of an hour, according to the 
automatic barometer. 

“ The inflating pipe (afpendice) which the balloon carried with it, was 30 cm. 
diameter and go cm. long, and air took the place vacated by the retreating 
gas, when the balloon descended. Consequently it was found quite full 
when discovered, just the same as when the balloon was liberated. The 
only difference was that the gas had been expelled and replaced by air. 

“ Since the volume of the balloon remained quite constant during the whole 
of the operation, it would have been quite easy to determine the absolute 
distance from the observatory by measuring the apparent diameter with a 
micrometer. By taking simultaneously a reading of zenith distance and 
azimuth, it would have been quite easy, by a series of observations conducted 
from a single station, to ascertain the altitude of the balloon and every cir- 
cumstance of its motion. 

“The principal object of M. Janssen will be to determine the absolute 
mimimum of temperature at the maximum altitude, which can be done more 
or less precisely, and the direction or velocity of the winds blowing at dif- 
ferent altitudes. Then the indications of the registering instruments can be 
submitted to the rational control which is necessary before coming to any 
definite conclusion. 

“Tt is interesting to notice that these preliminary results are in conformity 
with the Joule and Clausius theory, which asserts that celestial space is at 
the temperature of — 273° C., or even with the opinion that there is no limit 
to the refrigeration, as asserted by other natural philosophers. 

“Another question is raised by these experiments, when coupled with 
Dewar’s and Cailletet’s discoveries relating to the liquefaction or solidification 
of the elements of the air. If the temperature descends to such a degree it 
is necessary to admit that the air loses its gaseous condition and becomes 
changed into a series of minute crystals or drops, which follow the earth in 
its motion through space, and are constantly vaporized when falling in 
regions where the temperature is somewhat above their point of liquefaction 
or evaporation. 

“Such are some of the questions raised by this new exploration of elevated 
regions, rendered very easy by the unexpected facility with which balloons 
and instruments in working order are recovered. This has been rendered 
possible in France by the interest taken in the matter by public schoolmasters, 
who have been notified of the experiments by the newspapers, and have 
found special instructions printed on a paper pasted to the basket. It is 
certain that similar results may be obtained in every civilized country in the 
world, and we trust this new method will develop and improve so that un- 
questionable facts will be discovered with regard to the mysterious cosmical 
frontiers of our globe.” 


The Climatic Influence of Forests. — In the June number of the Zezeoro- 
logische Zeitschrift, Dr. Ebermayer has an article on the “ Climatic Influence 
of Forests on their Surroundings,” which presents some interesting facts in 


connection with the subject of forest meteorology. Dr. Ebermayer is one 
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of the pioneers in this work in Europe, and his careful and systematic obser- 
vations, begun in Bavaria in 1866, were the means of inciting observers in 
other countries to similar investigations. 

In the present paper Dr. Ebermayer deals with the results obtained in 
Austria during the years 1885-1887, and recently published by Dr. von 
Lorenz, who had charge of the work in that country. The observations 
were made at groups of stations arranged radially, z. ¢., there was in each 
case a central forest station; on each side of this a border station, close to 
the edge of the forest, and two or three stations in the open country east 
and west of the central station, at different distances from the forest. 
Observations were made at 7 A. M. and 2 and 8 Pp. M. from April to October 
during 1885-1887, and included temperature, humidity, wind direction and 
velocity, state of sky, precipitation, and evaporation. 

The influence of a forest on the temperature of treeless spots or districts 
within it, or of fields lying close to its borders, is due to the barrier effect 
of the trees on the wind. Places in the lee of a number of trees have much 
less wind than those on the windward side, and as calm air induces greater 
warming by insolation during the day, and greater cooling by radiation 
during the night, it is found, as would be expected, that such bare spots 
within, or fields close to, forests have higher temperatures by day and lower 
temperatures by night than open fields away from the trees. This influence 
is greatest with a clear sky and dry air, and the distance to which it may be 
felt depends on the velocity of the wind and the closeness of the trees. As 
regards relative humidity it is found that over the districts just mentioned 
the humidity is less during the warmer hours of the day than at stations 
more distant from the forest. By night, however, the relative humidity is 
greater over the protected spots. Among the beneficial influences of 
forests on the adjacent areas may be mentioned the protection against strong 
winds, especially against cold and dry winds, and the increased radiation by 
night in the calmer air and the formation of dew in summer. Among the 
most important of the injurious effects are the possibility of too great shade 
afforded by the trees in wet and cold summers, and the favorable conditions 
for frost formation in the calm air under the lee of the trees. 

The influence of forests on the temperature of more distant open country 
is brought about by means of the winds. The temperature of the air over 
the crowns of the trees is somewhat higher by day than that over the open 
country, and is lower by night; and this warmer or cooler air may be carried 
over the neighboring fields, thus affecting the air temperature over them. 
As the cooler or warmer air may be carried from the forest to adjacent areas, 
so also may the humidity conditions which obtain over forests influence such 
areas. 

The effect of forests on precipitation is still an unsettled question, although 
theoretically there should be greater precipitation over forests than over open 
country. The difficulty of obtaining accurate records of precipitation makes 
the conclusions based on such records in most cases unreliable. There are, 
however, instances in which there is good reason to believe in the tendency 
of forests to increase precipitation. Among these may be mentioned Blan- 
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ford’s investigations of the rainfall of a certain district in southern-central 
India. This district comprises about 61,000 square miles, and was formerly 
covered with trees, then deforested, and has, since 1875, again become a 
forest. During the deforestation there were a number of meteorological 
stations over the district, and their records showed that, as the growth of 
the trees progressed after the deforestation, the average rainfall increased 
12 per cent. 

Dr. Ebermayer concludes that forests may be regarded as factors which 
locally modify climate, but that they have far less influence than mountains, 
and as regards their effect on temperature and humidity conditions they 
have less influence than the larger lakes. 


Malaria and Acclimatisation.—In the Scottish Geographical Magazine for 
June, 1893, H. Martyn Clark, M. D., of India, has an interesting article on 
“Malaria and Acclimatisation.” Malaria is, as a rule, most prevalent in 
marshy lowlands, lands subject to inundation, and valleys and confined 
places, such as plains surrounded by hills or sheltered from the prevailing 
winds, so that a stagnation of the air is produced. The disease flourishes 
best where there is luxuriant vegetation. 

In India, rivers and streams are some of the chief haunts of malaria. 
During the rains the streams overflow and inundate vast tracts of country, 
and it is at the time when the flooded lands begin to dry that the disease 
becomes rife. The most unhealthy months, as regards malaria, in India are 
September and January, in both of which the land is drying or has just 
dried after heavy rains. The jungles also are great malaria producers, 
filled, as they are, with a dense mass of vegetation, and having a moist 
stagnant atmosphere in them. The luxuriant vegetation holds the rain 
water and lets it run out slowly, and the heavy dew adds to the amount of 
moisture in the soil. 

The influence of forests is also an interesting one. In the early and 
middle period of the life of a “high forest” (one in which the trees have 
grown from seedlings and will attain a large size) the crowns of the trees 
form adense canopy overhead, which intercepts the sun’s rays and a large 
part of the rainfall, and also breaks up the air currents. In this condition 
the formation of miasma is hindered by the shade, and the trees prevent the 
spreading of what poison may be developed. Later on in the life of the 
forest, however, there comes a change. The trees thin out, the canopy 
overhead is interrupted, and almost all of the rainfall reaches the soil. At 
this stage the condition is somewhat similar to that of a jungle, and the 
forest may become a hot-bed of malaria. In many cases the clearing of the 
soil and the cutting down of the forests have intensified the ravages of the 
disease, for the turning up of the soil, which is thus exposed to sun and rain, 
has allowed the development of miasma, and the poison, being no longer 
held in by the trees, has been spread over the neighboring districts. 

Besides being prevalent in low and marshy places, malaria is also 
common and fatal on upland plains and even in regions utterly devoid of 
vegetation. Dr. Clark believes that the prevalence of the disease in such 
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places is due to the moisture derived from the subsoil water. It is known, 
through the recent researches of French and German foresters, that air is 
continually absorbed and exhaled by thesoil. “In my opinion,” says Dr. 
Clark, “the pressure of the atmosphere on the soil must of necessity drive 
air into it, and in a porous soil will, in all probability, force it Gown to the 
subsoil water level. We thus have a moist soil acted on by air. Air has 
also abundant access to the lower strata in a hot country through the cracks 
and rifts which abound inthe soil. Some of the malaria thus produced is 
doubtless exhaled, as air is driven out by the rising subsoil water, or by the 
ascent of heated air-currents; but some of it remains and is washed into 
the wells.” In this way malaria may be imbibed as well as inhaled. 

Among 


5S 
proper drainage, whereby not only the surface but the subsoil water may be 


the methods recommended for the prevention of malaria are 


withdrawn; the damming in of rivers and streams, so that inundations 
may be prevented ; the permanent flooding of dangerous tracts of land, 
which are now breeding-places of malaria; the clearance and cultivation of 
jungles by slow degrees and with great care; and the planting of belts of 
trees in such positions that they may intercept the poison and may guard 
dwellings against malaria-bearing winds. 


The Weather Bureau at the World's Fair.* —The exhibit of the Weather 
Bureau at the Columbian Exposition is finely located within a few steps of 
the lake shore in a building designed particularly for its use with a view to 
illustrate a first-class Weather Bureau station, complete in every detail and 
in actual work. On the first floor are the various instruments recording the 
air pressure, temperature, direction and force of the wind, sunshine, rain- 
fall, humidity, etc. In addition to the usual thermographs, barographs, and 
other registering instruments used at a first-class station are several new 
instruments designed especially for this exhibit. The most valuable of 
these is a Normal Barometer or barograph, invented by Prof. C. F. Marvin 
of the Weather Bureau. This instrument consists of a mercury column, as 
in the ordinary mercurial barometer, suspended with its component parts 
from one end of abalance beam. The other end of the beam is arranged to 
close electrical circuits which operate the mechanism moving the recording 
pen either up or down corresponding to the changes made in the weight of 
the mercury column due to the varying air pressure. This barograph is 
very accurate and can be read to the ten thousandth part of an inch. 
Another valuable instrument recently designed by Prof. Marvin is a record. 
ing rain and snow gauge which will indicate precipitation to the thousandth 
partofaninch. This gauge is arranged to measure by weight. As the pre- 
cipitation is caught in the gauge which rests on the end of a balanced lever, 
electric circuits are closed operating the pen of the recording attachment 
placed in the observer’s office. 

The map and forecast work of the Bureau is also fully illustrated, com- 
plete reports being received each day from which forecast maps are made as 
at the Washington office. A lithograph weather map is printed and issued 


*Reprinted from The Monthly Bulletin of The New England Weather Service for May, 1893. 
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daily containing a review of the weather conditions of the country and an 
official forecast for the following day. In the lecture hall short talks are 
given, illustrated by the stereopticon, on the movements of storms and the 
principles of forecasting. Altogether the exhibit is one of the best and 
most complete ever made by the Bureau, and will be interesting and instruc- 
tive to all. 


Royal Meteorological Soctety.— The last meeting of this Society for the 
present session was held on Wednesday evening, June 21, at the Institution 
of Civil Engineers, 25 Great George Street, Westminster, Dr. C. Theodore 
Williams, President, in the chair. 

Mr. R. H. Scott, F. R.S., read a paper on “Fifteen years Fogs in the 
British Islands, 1876-1890,” which was a discussion of the fog observations 
made at the stations which appear in the Datly Weather Report. The 
winter is the foggiest season, and the greatest number of fog observations 
are reported from London, Yarmouth, Oxford, and Ardrossan. In the 
summer half-year the fog prevalence attains a local maximum in two different 
districts, viz., at Scilly, St. Ann’s Head, and Roche’s Point in the south- 
west ; and at Sumburgh Head and Wick inthe north. These are evidently 
sea fogs accompanying warm weather. Mr. Scott has made a collation of 
the observations of fog and the force of the wind, and finds that fog almost 
invariably occurs only with calm or very light winds. The author says that 
it seems to be generally assumed that fogs in London are increasing in fre- 
quency and in severity. From the observations it appears that there is no 
trace of a regular increase either in the monthly or in the annual curve. 
All that can be said is that taking the three lustral periods of five years 
each, the last of these, 1886-90, comes out markedly the worst, the succes- 
sive totals being 262, 250, and 322. 

A paper on “ Upper Currents of Air over the Arabian Sea,” by Mr. W 
L. Dallas, F. R. Met. Soc., of the Indian Meteorological Office, was also 
read, in which it is shown that there exists a regular arrangement in the 
vertical succession of the upper currents, and that the doldrum region, and 
not the geographical equator, is really the dividing line between the currents 
of the northern and southern hemispheres. 

Mr. E. D. Archibald, M. A., F. R. Met. Soc., also gave an address on 
“ Australian Climate and Weather,” which was illustrated by a number of 
interesting lantern slides. 


The Climate of Saxony. — Under the title of Das Klima von Sachsen the 
Saxon Meteorological Institute at Chemnitz has, through its Director, Prof. 
Dr. Paul Schreiber, begun the publication of a new series of investigations 
into various features of the climate of Saxony. These publications are to 
present results derived from an examination of the meteorological records 
kept at the various stations in Saxony, the object being to gather material 
which is to be utilized in a study of the climate of that country. 

The first number of this series presents a tabulation of the precipitation at 
twenty stations during the years 1864-1890, with a consideration of the 
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yearly period of the precipitation and of the duration of the periods of 
drought and continued rains ; a comparison of the precipitation in the dif- 
ferent years from 1864 to 1890, and an investigation into the possible con- 
nection between the amount of rainfall and the changes in the moon’s phases. 
The second number presents five-year means of temperature, humidity, 
cloudiness, etc., obtained from observations made at fifteen stations during 
1886-1890 ; twenty-five year means for fifteen stations; the results obtained 
at all the stations from 1886 to 1890 as to precipitation and general weather 
conditions, and the hourly observations at Chemnitz during 1887-1891. 


The Weather Bureau Investigation.— The readers of this JOURNAL have 
undoubtedly learned through the daily papers that there has lately been an 
investigation of the administration of the Weather Bureau owing to charges 
of mal-administration made by J. B. McLaughlin, formerly chief of the Exec- 
utive Division of the Weather Bureau. Secretary Morton has decided that 
these charges have not been sustained by the evidence and believes that 
‘the Chief has endeavored honestly to promote the best interests of the 
Service.” In the interests of economy and for other reasons some changes 
have been made in the Bureau, the most important of which are the follow- 
ing: Profs. Abbe and Bigelow are to do forecast work, and Profs. Russell 
and Barus are dropped. There is also to be some further reorganization. It 
is understood that “ the vacancies created in the professorships will not be 
filled for the present, but it will be announced to the scientific world that 
these positions will be open to competition, and awarded to those men 
who are best able to make practical forecasts and are enabled by educa- 
tion to investigate the problems which may be confronted in the study of 
meteorology.” 


























CORRESPONDENCE. 


THE WHIRLING OF CYCLONES. 
Editor of the American Meteorological Journal: 

In regard to a communication from Mr. M. A. Veeder, in the May num- 
ber of the JOURNAL, in which he contends that the rotation of the earth on 
its axis is not sufficient to account for the whirling motion of cyclones that 
is actually observed, I desire to say that it has occurred to me, also, that sup- 
plementary forces may with reason be invoked. I would not, however, do 
away with the influence of the earth’s rotation, for that is undeniable. It 
must be clear to anyone that, if a wheel of the diameter of a cyclone were 
attached to the extremity of a shaft, say, projecting from the moon, and let 
down till it touched the surface of the earth, the side of the wheel next the 
equator would move eastward faster than the more remote side. This would 
of necessity result in the rotation of the wheel upon its axis in the direction 
that cyclones actually rotate. Nor would it matter on what part of the earth’s 
surface the wheel rested, provided it was placed entirely on one or the other 
side of the equator. The air of the cyclone area must also have a motion 
of its own separate from that of the surface of the earth on which it rests, 
in order to be made to rotate ; for, if it should rest for any length of time on 
one spot of the earth’s surface, it would acquire the motion of that part of 
the surface and cease to rotate on its own axis. 

Now, in the tropics we may conceive the air as coming down from above 
with a rate of speed greatly different from that of the earth’s surface, and 
consequently responding readily like our supposed wheel. As it proceeds 
to the poles, friction might more and more impart to it the same motion as 
that of the earth’s surface, and the cyclonic rotation would become slower. 

Another possible slowing influence might be the exhaustion of vapor in 
thecyclonic area. This would diminish precipitation with the accompanying 
evolution of heat and expansion of the central parts, with the inrush of sur- 
rounding air. Another force I would suggest as rotating in its action, is 
the curved path of the cyclone. The parts on the inner side of the path 
would tend to out-travel the part of the mass on the outer or convex side, 
and this also would necessitate rotation such as we observe in cyclones, 

Again, if the barometric pressure should be greater on the polar side of a 
cyclone, and I think, as a rule, it is, the result would follow that the equator- 
ial side would be enabled to move with less resistance and this also would 
contribute to the existing forces of rotation. 

D. T. Sauirng, M. D. 


Louisvitte, Ky., June 19, 1893. 
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A THEORY AS TO THE ORIGIN OF CYCLONES. 


Editor of the American Meteorological Journal: 

If Surgeon Lung had presented his thesis (this JOURNAL, Vol. X., 103-105) 
somewhat differently arranged, its acceptance would probably be more in 
accord with the under-current of opinion prevailing among those who study 
meteorology non-professionally. 

Starting from the seeming fact that the meteorological equator is where 
the sun is vertical, and is a function of the sun’s declination, and keeping 
in mind the earth’s rotation, from which the upper and lower trades derive 
their respective westerly and easterly directions, we are quite ready to 
accept his coil theory which might be compared, in a sectional view, to an 
endless rope passing over pulleys one at the meteorological equator and the 
other near the polar region. 

So farit is plain sailing; but when we come to consider the statement 
that the core of the coil is, under the influence of equal and opposite forces, 
that is, the upper and lower trades, in any condition other than a state of 
rest it is not easy to see. In like manner how we are to create or invent a 
force to break out a section of the coil and tilt it upon its edge is not appar- 
ent. The surgeon’s theory of the origin of the cyclone is then, I submit, 
in need of explanation. But that some force deflects these winds and 
causes them to cross at right angles, or nearly so, instead of moving on 
parallel lines and that such crossing usually gives rise to thunder and light- 
ning is a fact of observation. 

There is no doubt that the cyclone is born in the southwest wind, and 
there is evidence that this wind is born, nurtured, strengthened, and started 
on its journey by the action of the sun at the meteorological equator in the 
Pacific Ocean. 

As a consequence, American weather is dominated by solar action in the 
Pacific Ocean, and the measure of that action may be regarded asa gauge 
of the weather likely to visit us, so that fora successful forecast for a 
period or season measurements in the Pacific Ocean are the first essential 
conditions. 

The writer has no pretensions as a meteorologist. He has for nearly two 
score years been a student of theoretical electricity, and in an effort to solve 
for himself the mystery in the atmospherical branch of that science he 
found it necessary to study meteorology, and in doing so he has, as shown 
above, formed some opinions. 

DAVID FLANERY. 


Mempuis, Tenn., July 7, 1893. 
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FOREST INFLUENCES. 


Forest Influences. U. S. Department of Agriculture. Forestry Divison. 
Bulletin No. 7. 8vo. Washington, 1893. 197 pp. Contains: I. Jn- 
troduction and Summary of Conclusions, by B. E. Fernow; II. 
Review of Forest Meteorological Observations: A Study preliminary 
to the Discussion of the Relation of Forests to Climate, by M. W. 
Harrington; III. Relation of Forests to Water Supplies, by B. E. 
Fernow; IV. Notes on the Sanitary Significance of Forests, by B. E. 
Fernow. Appendices: I. Determination of the True Amount of 
Precipitation and its Bearing on Theories of Forest Influences, by 
Cleveland Abbe; II. Analysis of Rainfall with Relation to Surface 
Conditions, by George E. Curtis. 


The subject of the relation of forests to climate is one which has been 
much discussed and upon which much has been written. In all countries 
there have been writers who have claimed that there exists an intimate 
relation between forests on the one hand and climate and water-flow on the 
other ; and deforestation has been held up as the cause, not only of destruc- 
tive floods and inundations, but also of changes in the climates of different 
regions. Of late years the question has been removed from the vague field 
of mere individual opinion and popular belief on to the firmer basis of experi- 
ment and scientific research, and the careful and systematic work of forest 
meteorologists in Germany, France, and other European countries has already 
produced most valuable results. The literature of the subject has increased 
very rapidly in the last few years, and it has become a difficult matter to 
keep informed of the recent advances in this most attractive branch of 
science. We have ourselves, in our endeavor to keep abreast of the times 
in current meteorological literature, been unable, through lack of time, to 
inform ourselves as to the present status of forest meteorology, and we 
have long been wishing for a systematic summary of forest meteorological 
observations. It is, therefore, with a feeling of great satisfaction that 
we have received and read the latest Bulletin of the Forestry Division of 
the Department of Agriculture. The subject with which this Bulletin 
deals is Forest Influences. The main part of the publication is a systematic 
and carefully prepared Review, by Prof. Mark W. Harrington, the Chief 
of the Weather Bureau, of the forest meteorological observations made at 
the various stations in Europe. This summary will, we are sure, be most 
welcome reading to all meteorologists in this country who have, like 
ourselves, been unable to keep up with the growing literature on this subject. 
Prof. Harrington has given much study to this branch of meteorology and 
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his paper shows his thorough acquaintance with the subject. The results 
of his investigations are presented in a series of graphic illustrations which 
add much to the value of the summary. 

The history of systematic observations in forest meteorology is followed 
from the year 1796, when Pictet and Maurice took observations of tree 
temperatures at Geneva, down to the most recent published records, the 
objects and methods of the work being carefully stated. The real beginning 
of systematic observations, which was the direct incitement to the modern 
activity in this direction, was made by Becquerel, at Chatillon-sur-Loing, 
seventy miles from Paris, on July 30, 1858, and these observations have 
been kept up continuously since then. In 1868 Dr. Ebermayer, whose 
name is intimately associated with forest meteorology, began his work, and 
in 1875 the German meteorological forestry service was established. 
Sweden started a system of observations in 1876, and Austria in 1884. 
With the growth of Agricultural Experiment Stations in the United States 
we hope soon to see a system of similar observations established all 
over this country, which, with its broad extent of territory, offers excep- 
tional advantages for any such investigation. 

The number of points brought out in Prof. Harrington’s review is so 
great that we can only refer toa few of them. In considering this subject 
it must be remembered that no influence upon the general climate can be 
expected, but only local modifications of climatic conditions may be antici- 
pated. As regards the influence of forests upon temperature it is seen that 
the general influence upon soil temperatures is a cooling one, due to the 
shade and to the fact that moisture is retained longer in the forest floor as 
well as in the air of the forest, the evaporation of this moisture being 
necessary before the ground can be warmed. The annual range of tem- 
perature is smaller in the forest than in the open, the range of temperature 
being more affected than the average absolute temperature. In the tree- 
tops the mean temperature, after correcting for elevation, is rather higher 
than over open fields. The connection of forests and humidity is an im- 
portant one. The average annual evaporation within the woods is about 
forty-four per cent of that in the fields, and the percentage of rainfall 
evaporated at the surface of the ground is about twelve per cent for the 
whole year for the forest and about forty per cent for the open fields. The 
relative humidity is two to four per cent larger in the forest than over the 
plains. The question as to whether the rainfall over forests is really 
larger than that over open fields still remains unsettled. 

The influence of forests upon the climate of the surrounding country can 
only take place by means of the diffusion of vapor which is transpired and 
evaporated by the crowns, and by means of air currents passing through 
and above forests, whereby they may be modified in temperature and moist- 
ure conditions. Forests have some effect in the local air currents which 
they cause, similar to those caused by a lake or a pond, cool currents com- 
ing from the forest by day in the lower strata, and warm currents by night in 
the upper strata. This circulation is not noticeable in winter. Deforesta- 
tion, by removing an obstacle to the movement of the winds, may permit 
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destructive blasts which the previously existing forests prevented. One of 
the most important questions, however, as to the influence of forests on the 


rainfall of neighboring areas, is still unsettled. 

Mr. Fernow’s paper on the Relation of Forests to Water Supplies deals 
with a question in which the facts are pretty well established. Deforesta- 
tion increases and accelerates evaporation, and so unfavorably affects the 
size and continuity of springs. Forests favor subterranean rather than 
surface drainage, owing to the channels furnished by the dead and living 
roots, and the loose and porous character of the soil. In this way, and by 
retarding surface drainage by the uneven forest floor, forests tend to give a 
constant and equable flow of water and to prevent floods. A short note by 
Dr. Fernow on the Sanitary Influences of Forests brings out the facts that 
the protection against sun and wind, and the equable conditions of forests, 
make them desirable locations for sanitaria, and that the soil conditions of 
forests are unfavorable to the production of pathogenic microbes, such as 
those of cholera and yellow fever. The calmer atmosphere and the absence 
of dust are further important features from a sanitary point of view. There 
seems to be no very good foundation for the general belief that forests have 
purer air than open fields, owing to the greater production of oxygen and 
ozone. 

“ We may summarize,” says Mr. Fernow in his introduction, “ that the 
position of the forest as a climatic factor is still uncertain, at least as to its 
practical and quantitative importance, but that its relation to water and soil 
conditions is well established. As a climatic factor it would appear that the 
forest of the plains is of more importance than that of the mountains, where 
the more potent influence of elevation obscures and reduces in significance 
the influence of the forest cover; as a regulator of water conditions the 
forest of the mountains is the important factor; and since this influence 
makes itself felt far distant from the location of the forest, the claim for 
attention of Government activity and for statesmanlike policy with reference 
to this factor of national welfare may be considered as we)l founded. Every 
civilized government must in time own or control the forest cover of the 
mountains in order to secure desirable water conditions.”’ 

In the appendix Prof. Abbe takes up the question of the Determination 
of the True Amount of Precipitation and its Bearing on Theories of Forest 
Influences, and shows how difficult it is to obtain accurate records with the 
gauges in general use. His paper is a clear presentation of the subject and 
serves aS a warning against basing any very definite conclusions on the 
amount of rainfall collected in the usual way. 

Mr. George E. Curtis’ paper on Analysis of the Causes of Rainfall with 
Special Relation to Surface Conditions is the concluding one in the Bulletin, 
and will be reprinted in an early number of the JOURNAL. 

Taken as awhole this Bulletin is worthy of careful consideration, not 
only on the part of meteorologists but also on the part of all persons who 
are in any way interested in the subject of forestry and the effects of defores- 
tation on water supply, a question which is destined to attain considerable 
prominence in this country before long. 
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FORECASTING OF THUNDERSTORMS IN 1802. 


N. B. CONGER. Report on the Forecasting of Thunderstorms during the 
Summer of 1892. U.S. Department of Agriculture, Weather Bureau, 
Bulletin No.9. S8vo. Washington, 1893. 54 pages, 6 ch. 


As the readers of this JOURNAL are aware, the Chief of the Weather Bu- 
reau undertook a systematic investigation of thunderstorms during the sum- 
mer of 1892, the object being “to gather material to be utilized in the study 
of these storms, and the attending atmospheric conditions with a view to pre- 
dicting the occurrence of this class of storms for special localities in time to 
make the forecast of value to agricultural interests.” The States in which 
observations were made during June, July, and August of last year, were Mis- 
souri, Wisconsin, Illinois, Indiana, Michigan, Ohio, Pennsylvania, New 
York, New Jersey, and the New England States. 

The present report deals with some of the results of the season’s work ; 
we say some, because there must be much yet to be learned from the records. 
Mr. Conger, who has prepared the report, had charge of the work in Michi- 
gan. He makes no attempt to deal with the theory or mechanism of thunder- 
storms, but aims simply to bring out some of the points which he has discov- 
ered in connection with these storms during the summer of 1892. Among 
these may be mentioned the fact that the thunderstorms of the summer sev- 
eral times moved in well-defined areas from the Mississippi River to the east, 
being noted in Wisconsin one day and in the States further east later in the 
same day or on the following days. This characteristic has already been 
brought out by Prof. H. A. Hazen, and was seen to hold also in the case of 
the thunderstorms of 1886 (this JoURNAL, Vol. IX. 1892-3, 24, 25). This 
moving eastward of the thunderstorm belts is, of course, dependent on the 
general eastward progression of the atmospheric conditions of pressure and 
temperature on which these secondary storms depend, and it is on this 
easterly movement of the thunderstorm conditions that thunderstorm fore- 
casts are largely based. The further fact that these belts or districts fre- 
quently appear to lose their identity during the night and revive again fur- 
ther east the next day is readily explained when we remember that the sun’s 
heat, which is the prime factor in starting the convectional overturning in 
thunderstorms, does not act at night, and in cases where the thunderstorms 
have not sufficient energy to hold them over through the night, they die 
away, to begin again the next morning or afternoon further east. 

The most favorable conditions for thunderstorm development in 1892 are 
found to have been in the southeastern quadrant of Jow pressure areas, and 
generally in the belt of pressure of thirty inches. Thunderstorms also 
occurred in the southwest quadrant, but these were found to be sporadic in 
character, and in high pressure areas when the weather conditions were un- 
settled and a trough of nearly normal pressure extended over a large terri- 
tory to the north of the centre of the high. 

As regards forecasting thunderstorms, Mr. Conger finds that during the 
season nearly ninety per cent of the storms occurred in the belt covered by 
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the isobar of thirty inches, and at or near the isotherm of seventy degrees; 
and, further, that the sharp curvatures of the isobar, where it touches or 
crosses similar sharp curves of temperature, are of importance in forecast- 
ing. During heated terms thunderstorms occur along the isobar of thirty 
inches, and where the temperature continues high during the afternoon. 
This class usually occurs on the day following the maximum heat. 

The forecasting of thunderstorms during the summer was quite success- 
fulasa rule. In Ohio the percentages of verification were ninety per cent 
in June and eighty-six per cent in July. In Michigan telephonic reports of 
approaching thunderstorms were received from stations further west, and 
the percentages were eighty-six in June, eighty-five in July, and seventy-eight 
in August. 

Besides Mr. Conger’s General Discussion there is a paper by Mr. Robert 
DeC. Ward on the Thunderstorms of New England during the summer, in 
which a comparison of the Washington and Boston forecasts is given, show- 
ing the success of both as regards forecasting thunderstorms. From the 
tables it is seen that the local, or Boston, forecasts, were somewhat more 
accurate than those made in Washington. 

The last paper is by Mr. Charles M. Strong, of the Weather Bureau at 
Columbus, Ohio, in which the writer speaks briefly of the movement of the 
storms across the State; the positions of the low pressure areas when 
thunderstorms occurred, and of the prediction of thunderstorms based on 
telegrams and the daily weather maps. 

Having ourselves given some time to the observation and study of thunder- 
storms, we have been much interested in reading this Bulletin, which we 
hope is but a preliminary statement of what we shall before long have at 
greater length. Such an investigation as that of last summer is a most 
useful one, if the results obtained are carefully and thoroughly studied, and 
presented to the public as soon as possible after the observations end. A 
long delay in publishing the results tends to discourage the observers, so 
that they lose interest in the work, while on the other hand the prompt 
issue of a report not only keeps up their enthusiasm but also makes their 
work of a higher grade. 

It seems to us that there are two ends which should be kept in view in 
such an investigation: one, to gain a better knowledge of the conditions of 
occurrence of thunderstorms, with a view to improving the forecasts, and 
the other, to study the mechanism of these storms. We may consider that 
the first of the objects has been, at least partially, attained in the present 
report ; the other we shall hope to see made the subject of a further contri- 
bution in this connection before long. We do not believe that it will ever 
be possible to forecast thunderstorms accurately for particular districts, such 
as counties or townships, and considering the success generally attained by 
the forecasters we are inclined to agree with Mr. Ward in thinking that the 
best step for the Weather Bureau to take in the interests of the farmers is 
to spread the present forecasts more broadly over the country. Mr. Strong, 
also, believes that “ predictions issued upon the daily weather maps in the 
form of ‘ probabilities ’ without any specification as to time and place, except 
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the day and section, are far more applicable, and, with the limited knowl- 
edge at hand, successful,” than the prediction of thunderstorms based on tele- 
grams received from points to the west and southwest, and issued to points 
over the State in advance of the thunderstorms. We believe that the vari- 
ous local forecasters might well study carefully the conditions of thunder- 
storm occurrence during the past summer, which they can easily do with the 
data at hand, and thus learn where they made mistakes which might be 
avoided in the future. The telephone warning system used in Michigan 
during the summer seems to have been successful there to a certain extent, 
and it might be extended into other States. Thunderstorms, however, are 
such erratic disturbances, and their direction of movement and probable 
duration are so difficult, if not impossible, to determine in most cases, that 
telegraphic or telephonic warnings do not seem likely to be very successful. 

The thunderstorm investigation has been continued, during the present 
summer, over a larger field, and will undoubtedly give us many valuable and 


interesting results. 


MR. CHARLES CHREE ON VORTICES IN A COMPRESSIBLE 
AND ROTATING FLUID. 


The recent appointment of Mr. Charles Chree, M. A., of King’s Col- 
lege, Cambridge, Eng., to be Superintendent of Kew Observatory, as the 
successor of the late Mr. Whipple, leads us to hope that the study of the 
mathematical and physical problems, whose solution is so important to 
the progress of metecrology, will now receive a great stimulus in England. 
Mr. Chree has hitherto been known to us mostly through his excellent 
works in pure mathematics as applied to the subjects of elasticity and of 
vortex motion. His papers on vortex motion are probably but little known 
to the mathematical physicists of America, and with the author’s help we 
are able to present the following account of his memoirs which will be of 
interest to meteorologists in so far as the assumptions which underlie his 
mathematical solutions harmonize with the conditions that prevail in the 
atmosphere. On this latter point Mr. Chree very properly and modestly 
says: — 

“TI should be sorry if any one supposed I profess to have actually solved 
the exact problems presented by nature. The lay reader is so much at the 
mercy of the mathematician that I think the latter is taking a most unfair 
advantage of his position if he avoids taking a reasonable care to prevent 
the general public from regarding his hypothetical problems as actual 
facts.” 

This most admirable statement of a fundamental principle of scientific 
integrity, is followed by a paragraph repeating in detail the cautions that are 
interspersed throughout Mr. Chree’s papers as to the practical application 
of his work to the earth’s atmosphere. 

“ Vortices on the earth do not extend to infinity; their cross section is 
often not small compared to their distance apart; their diameter is often not 





7 AB ae 








a 














ce 











Bibliographical Notes. 247 


very small compared to the earth’s radius ; they are often not approximately 
circular in section; there are vertical currents, and the horizontal velocity is 
not the same either in magnitude or direction at all points in the same ver- 
tical line. Air, moist or dry, is not wholly destitute of viscosity, etc., etc.; 
there are thus enormous obvious differences between the simple mathemat- 
ical problems of my papers and the actual state of matters on the earth ; 
and if there is any resemblance between the results in the papers and the 
actualities it may quite as likely be a pure accident as not.” 

There are so many kinds of vortex motion present in the atmosphere, 
from the minute streams of hot air that rise from every point of the land- 
scape when bathed in sunshine, or the columns of smoke that ascend from 
every chimney, or the rolling front of a horizontal flow of air, up to the 
cumulus cloud, the waterspout, the tornado, the hurricane, and even the 
general circulation of the atmosphere, and these present such a great vari- 
ety of characteristic differences that it will not be altogether a pure accident 
if the mathematician, in solving some simple problem, bas paved the way 
for a better understanding of the complex phenomena that the meteorologist 
has to study. 

Mr. Chree’s papers dea] with vortex motion in compressible fluids. 
The exact mathematical problems he has treated are those of infinite straight 
vortices or of circular ring vortices; the former case includes a straight 
vortex perpendicular to an infinite plane which limits it in one direction. In 
his first paper, “On Vortices” (Proc. Edinb. Math. Soc., Vol. V., session 
1886- 87), it is shown that if there be two parallel thin straight vortices ina 
compressible fluid limited by infinite planes, then their distance apart, if 
their density alters, does not remain constant as in a liquid, but increases or 
diminishes according as the sum of their cross sections is increasing or 
diminishing. The path of such a vortex relative to the other is an equi-an- 
gular spiral. On pp. 58, 59 are pointed out certain conclusions that would 
hold in the case of cyclones on the earth, if the conditions sufficiently re- 
sembled those of the problem. 

A second paper, “ Vortex Rings in a Compressible Fluid” (Proc. Edinb. 
Math. Soc., Vol. VI. pp. 59-68), works out the case of a single ring or of a 
ring and its image in an infinite plane, which might apply to a ring outside a 
sphere of /arge radius, the plane of the ring being parallel to the infinite 
plane. There is no “ practical ” application in that paper. 

Mr. Chree’s third paper, “ On Vortex Motion ina Rotating Fluid” (Proc. 
Edinb. Math. Soc., VII. pp. 29-41), deals with questions more nearly allied 
to the actual problems on the earth. The fluid is supposed to rotate with 
uniform angular velocity round an axis. He first solved the case of a vortex 
and its image in an infinite plane. Then comes the case of a vortex inside, 
but not at the centre of a right circular cylinder, the whole system rotating 
round the cylinder’s axis uniformly. This requires an image system, of 
course. The conclusions the results would lead to, if applicable to a vortex 
on the earth’s surface, are pointed out on pp. 39-41. Some of them seem 
to have some resemblance to actual phenomena. 

His last published paper, ‘‘ On Equations of Vortex Motion with special 
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reference to the use of Polar Co-ordinates ” (Proc. Edinb. Math. Soc., VIII. 
pp. 43-64), deals generally with polar co-ordinates, and treats the case of a 


vortex ring in a rotating fluid, outside of a sphere, or parallel to an infinite 
plane. There would affear to bea motion of the ring similar to that of the 
plane of vibration of a Foucault’s pendulum, the angular velocity varying 
as the sine of the latitude. There is, however, a difficulty in satisfying the 
conditions at the surface of the ring. This perhaps might be got rid of by 
supposing the existence of viscosity in the fluid. 

Between the publication of the first and second of the above papers Mr. 
Chree published in the “ Messenger of Mathematics,” November, 1887, a 


” 


paper, “ On Vortices in a Compressible Fluid,” which may be considered as 
an extension to compressible fluids of Prof. J. J. Thomson’s Prize Essay, 
“On the Motion of Vortex Rings”; it treats of the vibrations and changes 
of shape of cylindrical vortices in a compressible fluid. 

In the four first mentioned papers Mr. Chree gives innumerable hints as 
to motions in the earth’s atmosphere thus showing that he has meteorologi- 
cal problems in his mind although he disclaims having as yet resolved any 
questions except those that relate to a simplified ideal atmosphere. 

We trust that the strictly meteorological work of Mr. Chree’s new position 
will tempt him to apply modern mathematical analysis to the winds, the 
clouds, and the storms of the actual atmosphere. 


A NEW ATLAS OF THE INDIAN OCEAN. 


Two volumes of more than usual interest and of great value have recently 
come to hand from the Royal Meteorological Institute ofthe Netherlands. 
They are atlases of the Indian Ocean for the months of December, January, 
and February, and for March, April, and May, and they furnish us with the 
most beautiful set of charts yet issued of this most interesting ocean. The 
first number, that containing the data for December, January, and February, 
was published in 1889, under the direction of P. F. van Heerdt, the Director 
of the Maritime Section of the Meteorological Institute, who has also had 
the supervision of the second volume. The general plan adopted in this 
work is the same as that used by the Deutsche Seewarte in its Atlas of the 
Atlantic Ocean, published in 1882, but the charts are on twice as large a 
scale as the German ones (I: 27,000,000). The area included is the whole 
of the North and South Indian Ocean, from Lat. 20° N. to 50° S., and from 
Long. 10° E., to 140° E., the southward limit being extended beyond the 
usual southern limit of the Indian Ocean in order to include the important 
currents around the Cape of Good Hope. The vast number of observations 
used in preparing these charts, amounting to over ninety-one thousand in 
one case, have beencollected from Dutch ships, from English records, and 
from data contributed by Malmberg, of Stockholm. 

Thereare in alltwenty-two charts in the Atlas for December, January, and 
February, including, for each month, surface temperatures of the sea water; 
ocean currents, showing the direction and velocity, the easterly currents 
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being marked in black and the westerly in red ; pressure ; air temperatures ; 


winds, shown by wind-roses ; surface destiny of the sea water; the distribu- 
tion of rain, thunder, fog, hail, and snow; the average routes followed by, 
and the mean limits of, whales, flying fish, ice, drift-wood, etc. ; and finally, 
the percentages of storm frequency and the trajectories of cyclones. 

The second number of the Atlas, containing the charts for March, April, 
and May, bears the date of March, 1893. It resembles the first number in 
all respects except the addition of three generalized current charts, and of 
a chart of mean cloudiness, and the omission of the chart of densities. 

We hope at some future time to review at length these excellent publica- 
tions, and to compare them with the other charts already issued for this 
region. For the present we must content ourselves with this brief mention 
of a most valuable and useful work. 
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